Introduction
Aluminum alloy EN AW-2024 T4 is used for heavily loaded structural components and aircraft skin, there where high strength to weight ratio of the product and high resistance to fatigue. This alloy, however, is poorly weldable and has a low corrosion resistance. The chemical composition and mechanical properties of 2024-T4 alloy according to PN-EN 573-3 and EN 485-2 is shown in Tables 1 and 2 , according to ASM Aerospace Specification Metals Inc. in Table 3 , and according to MIL-HDBK-5J in Tables 4 and 5 . 
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* On ASM page noted that the data is provided by Aluminum Association, Inc. and cannot be used for structural design ** On ASM page noted that these data were provided by Alcoa and cannot be used for structural design 
The course of study
Cylindrical samples Ø 6,5 mm were examined - Fig.1 . Samples parallel to "the embodiment" or blank sheet rolling direction which is obtained along the fiber structure of the material, indicated as "longitudinal" (T-L direction), and the samples taken perpendicular to the above direction (transverse to the fiber) is indicated as " transverse " (L-T direction). 
Analysis of the test results
The analysis of curves  = f (N) can be done based on the equation of the form [6] :
(
and/or on equation of the form [7] : transverse specimens longitudinal specimens Charts and values of the coefficients of the equation (2) describes the same data shown in Fig. 3 . 
Fig.3 Data description  = f(N f ) of formula (2) for transverse and longitudinal samples of 2024-T4 alloy
Comparison of curves  = f(N f ) described by equations (1) and (2) is shown in Fig. 4 .
Fig.4 Comparison of data description  = f (N f ) according to the formulas (1) and (2) for transverse and longitudinal samples of 2024-T4 alloy
You can see that the descriptions of curves  = f(N f ) using equations (1) and (2) can be considered equivalent, in the range of experimental data -the durability of smaller and larger than the experimentally determined dependence of formula (1) adopt a more realistic course. For the above charts stress  =  a =  max = /2 because the stress ratio for the data presented was R = -1. It is not equal  eq of formula (2).
Presented in [7] [7] shows Fig.7 . The main difference between the waveforms is in a gradient change ddN curves over the range but also in asymptotic course near of the fatigue limit. 
Fig.7 Comparison of curves σ = f(N) for transverse and longitudinal samples of 2024-T4 alloy examined in AFIT Laboratory and curves for 2024-T4 and 2024-T3 alloys described in [7]
Influence of stress concentration factor in the description of these curves, in its simplest form can be achieved by making relation the coefficients A, B, C and D of equation (2) with K t - Table 1 shows the values of these coefficients. Since the data at the disposal of cover sheets for 4 different K t -it is possible to use a third-degree polynomial regression, which will ensure full representation of data with a correlation coefficient equal to 1. Figure 8 shows the relationship of the coefficients of equation (2) 
from K t -with polynomial equations describing the trend line for each regression A=f(K t ), B=f(K t ), C=f(K t ), D=f(K t ).

Transformation of the S-N curves for Al 2024 alloy Transformacja przebiegu krzywych S-N dla stopu Al 2024
30 a) b)
Fig.8 Regression curves describing the dependence of the coefficients of the equation (2) from K t : a) for 2024-T4 alloy, b) for 2024-T3 alloy
Therefore, the exact description of the aforementioned data for both analyzed alloys is possible by writing equation (2) as: (3) and the relationships A=f(K t ), B=f(K t ), C=f(K t ), D=f(K t ) are given in Figure 8 .
Unfortunately, in spite of the strict description of the experimental data given in [7] , due to the high volatility of coefficients of equation (2) of K t -there is no certainty that the regressions are presented and the theoretical description are valid for other values of K t or outside the range of variation K t than those given above, and therefore the use of equations presented in this case it is not advisable without experimental verification on a larger/appropriate amount of data. You can see that in the case of 2024-T3 alloy, these relations also exhibit relatively low volatility compared to those for 2024-T4 alloy, which due to the small number of data does not allow to they apply as permanent relationships that could be seen as a characteristic material relevant to a given alloy 2024. If would be occurred such solid relations, a common graph for both sets of data (i.e. for 2024-T4 and 2024-T3 alloys) would look like Figure 9 . Suitable polynomial regressions would look as prescribed on this Figure -but as you can see the correlation coefficients in this case, are very low (less than 0.5, and particularly small for the coefficients C and D), which shows that with this description, it is difficult to talk about finding the right relationship.
Fig.9 Regression curves describing the dependence of the coefficients of the equation (2) of K t for the combined data of both 2024-T4-T3 and 2024 alloys
Accordingly, effective solution is to introduce modifications in the formulas (1) and (2) (4) and (5) where ;
Fig.10 Offset vectors ΔN and Δσ of curves σ = f(N) corresponding to different stress concentration factors K t -2024-T3 alloy
The values of the vectors ΔN and Δσ depend on the n stress concentration factors K t,n (and corresponding ΔN n and Δσ n ) can be written as:
which, for example, for n = 3 as in Fig. 8 gives the following relationships:
Transformation result of the output curve σ = f(N) (i.e. curve for K t = 1) to the curve corresponding to the stress concentration factor K t = 2 illustrates Fig.11 . As disadvantage of this method should be considered too strong mapping of the shape change of the output curve. In the case where the individual curves σ = f(N) for the different K t have significantly different gradients (with each other or compared to the gradient of the output curve) curves do not transformed this differences over its entire length (except for two selected points N 1 and N 2 ). Improvement in this area give:  arbitrary selection of points N 1 and N 2 selected for modification, so they can be adjusted so as to give a better fit to the curve transformed,  the possibility of adopting as the output curve any of the curves that are available, i.e. can be transformed eg. the curve σ = f(N) for K t = 2 on the curve for K t = 4.
Fig.11 Offset of the output curve σ = f(N) for vectors ΔN and Δσ for stress concentration factor K t = 2 -2024-T3 alloy
Additionally, the proposed modification allows transformation the curves σ = f(N) also depending on the stress ratio R -relevant parameters have the form:
and depending on the n 1 safety factors β N and n 2 safety factors β σ for:
when offset of S-N curve (respectively on vectors ΔN and Δσ relative to the x-axis and y-axis), is in proportion to the value of the safety factors and does not depend on the selection of the points N 1 and N 2 .
Conclusions
Comparing the waveforms S-N Morrow graphs of the high cycle fatigue research of 2024 alloy material it can be concluded that the longitudinal samples (to sheet rolling direction) exhibit significantly better fatigue life than the transverse samples. Descriptions curves σ = f(N) using the equations given in [6] and [7] can be considered equivalent, in the area of experimental data -the durability of smaller and larger than the experimentally determined dependence according to the formula [6] takes a more realistic course. The proposed modifications allow for the correct description and transformation curves σ = f(N) for different stress ratios R or stress concentration factors K t -both in σ max = f(N) as well as in σ eq = f(N) variants. The accuracy of the mapping in these transformations depends largely on how much differ transformed curves, both in variation of the waveform gradients, as in relation between coefficients of equations describing these curves. If the transformation of curves σ = f(N) have to describe only curves that are already available, then this is possible to obtain accurate way using the appropriate polynomials (i.e. with a correlation coefficient equal to 1). For inter-or extrapolation for new curves the results of transformation must be verified due to the not appropriate running of polynomials for intermediate values of the independent variable, i.e. R or K t . 
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